S is a glucopyranoside polymer containing 57% a (1, 6) and about 43% a(l,3) linkages (14) . 1 B512 is a glucopyranoside polymer with 95% a (1, 6) linkages and devoid of a(l,3) linkages.
Immunizations. Weekly, mice were injected intraperitoneally with 0.1 mg dextran B1355 dissolved in phosphate-buffered saline and bled 7 d after each injection. Mice 6-8 wk of age were started on this protocol.
Purification of Specific Antibodies. Anti-hi, anti-x, and anti-~(l,3) dextran were purified by affinity chromatography as described or referenced previously (3) .
Immunoadsorbant Columns. Proteins were covalently attached to a CNBr-activated Sepharose 4B (Pharmacia Fine Chemicals, Piscataway, N.J.) chromatographic support and antibodies eluted as described or referenced previously (3) . Similarly, polyacrylamide dextran B1355 or dextran B512 gels were prepared as described (3) .
Iodination of Proteins. Anti-x or anti-~l antibodies were iodinated by a chloramine-T oxidation method (3) .
Radioimmunoassay. The hi or x-antibodies to a(1,6) or a(1,3) glycosyl linkages were quantitared by a solid phase radioimmunoassay (3) .
lsoelectric Focusing Patterns of Anti-a(1,3) Dextran x-Chains. The x-chain heterogeneity was analyzed according to Gibson (9) . Results The specificity of the response was analyzed by comparing the binding of antibody to dextran B 1355 containing both a(1,3) and a (1,6) glycosyl linkages, with the binding to dextran B512 containing only the 0t (1, 6) linkage. In addition, the class of L chains (K vs. ~) of these antibodies was determined. As shown in Table I , the amount of hibearing antibodies is low or nil (the background of the assay is -10) in mice lacking the v~-~i3~-gene. However, they all respond to a(1,6) glucosyl linkages, although the maximum of the response is reached only after four or more injections. In contrast, there clearly are two categories of g-responses to the c~(1,3) determinant: some strains mount a x-anti-c~(1,3) response equivalent to their I¢-anti-~(l,6) response; other strains, even after hyperimmunization, hardly respond. No response difference was found between males and females, either in a "responder" (C57BL/6) or "nonresponder" (CXBK) strain. C57BL/6, CXBE, and CXBI gave quantitatively similar responses. The absence of an anti-a(1,3) response in CXBK is due to a BALB/c allele not in H-2 or the heavy chain allogroup because CB20B mice (BALB/c, H-2 b, Ig b) are nonresponders ( Table  I) .
The F1 offspring from two combinations of responder by nonresponder parents are responders; and no complementation was observed in F1 offspring from two combinations of nonresponder strains (Table I) . The anti-~(1,3) x-chains would be expected to display restricted heterogeneity because only one or a few v-genes could be responsible for the response difference. To analyze this, the x-chains from anti-~(1,3) antibodies of individuals were run on an isoelectric focusing gel. The pattern indicates a limited heterogeneity of ~¢-chains which is similar in C57BL/6J, CXBE, and CXBI mice (Fig. 1 ). This result is in agreement with the hypothesis that the v,-locus determines the response difference.
To map this locus, the response to dextran B1355 was analyzed in four strains of C57BL/6 mice congenic except for chromosome 6 which carries the Ly-3 locus. Table  I shows that C57BL/6 and Beta 16 (B6, Ly-3.2) are "responders," whereas M16 and B6-PL/Cy (B6, Ly-3.1) are "nonresponders." Given a C57BL/6 background, this links the gene(s) determining the response difference to the Ly-3 locus (see Table II ).
1Jeanes, A. Personal communication. (5-10 injections) . § In our previous study (15) , no distinction was made between the responses K-anti-a(l,3) and anti-a (1, 6) when immunizing with dextran B1355. The CB20B response reported there (15) is due to K-anti-or(I, 6) and is not in contradiction with the finding reported here that CB20B is a nonresponder in the K-antia(l, 3) class.
]] Not done. K-class to a(1,6) linkages. However, after repeated injections, "responders" synthesize x-anti-a(l,3) dextran at a level comparable to the r-anti-a(1,6) response, whereas "nonresponders" synthesize ~c-anti-a(1,3) dextran at a level at least 10-fold below that of the K-antior(l,6) response generally close to the background of the assay (Table I) .
Conclusion
The K-anti-a(1,3) dextran shows a restricted pattern of heterogeneity (Fig. 1 ) essentially identical in the three responder strains (C57BL/6J, CXBE, CXBI). This in itself suggests a role of structural v~-genes in determining the response difference. Genetic studies confirm this hypothesis. Inasmuch as the response difference occurs within strains possessing the H-2 b haplotype and the Ig b allogroup ("responder" C57BL/6, CXBE, CXBI, Beta 16 vs. "nonresponder" CXBK, M16, B6-PL/Cy), another locus from the parental strains BALB/c and C57BL/6 unlinked to H-2 and Ig, b must determine the production of x-anti-a(1,3) antibodies. In fact, the difference due to this locus becomes visible by simply comparing the positive response of C57BL/ 6 mice with the negative response of CB20B mice (Table II) . This leads to the conclusion that the "responder" CXBE and CXBI lines carry the immune response gene(s) of C57BL/6, whereas the "nonresponder" CXBK carries the gene(s) of BALB/ C.
The response of four congenic strains of C57BL/6 mice ("responder" C57BL/6, Beta 16 vs. "nonresponder" M 16, B6-PL/Cy) maps the immune response locus in the XI tu linkage group (chromosome 6) very close to Ly-3. Given the demonstration that the v~-locus is linked to Ly-3 (6, 7) and on chromosome 6 (8), we are in all likelihood mapping the structural gene v~ ~1' 3) (see Summary and Table III) . Mice carrying the Ly-3.1 allele (M16, B6-PL/Cy, AKR/N) are "nonresponders," i.e., they are v~ re's)-. Mice carrying the Ly-3.2 allele are all IB-and fall into both "responder" and "nonresponder" classes. Thus, three v~-allogroups are revealed as shown in Table IV .
As would be expected of a structural v~-gene, responsiveness is dominant (Table I) . At the moment, only one germ line v~l'3)-gene shared by all "responder" strains need be assumed. The fact that we see a similar and restricted IEF pattern for the x-antia(1,3) dextran in the various "responder" strains ( Fig. 1) supports this. Given the known behavior of the germ line v~i ~)-gene which permits a rapid high response in the ~l-class, it is surprising that the germ line-~1,3) v~ -gene is maximally expressed only after weeks of hyperimmunization.
We suggest the following (albeit not unique) interpretation of this slow response: The germ line v~a'3)-gene complements with a v~'3)-gene in the Ig b allogroup to produce an antigen-recognizing receptor of marginal affinity for the a (1,3) determinant. On long-term immunization, somatic mutants of higher affinity are selected. The difference between a responder and nonresponder is in the number of mutational steps required to achieve a x-anti-a(1,3) affinity high enough to compete in inducibility with ~-anti-a(1,6). The IEF pattern (Fig. 1) would not distinguish these mutants if, within a given framework encoded by v$ ~l'a), the complementarity-determining replacements were neutral or buried in the heterogeneity as a result of deamination in serum of the ~¢-chain. BRIEF DEFINITIVE REPORT Table I. 11 Because Beta 16 derived its chromosome 6 from C3H/An, which possesses the same Ly-3.2 allele as C57BL/6, it is not possible to decide whether the responder phenotype is due to a crossover with C57BL/ 6 between Ly-2 and Ly-3 or whether C3H/An itself expresses the v~ t~'s)+ and IB-alleles. 
